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Abstract

Background and Aim: Auditory processing
disorder and dyslexia have been reported by
many studies as having high comorbidity. The
purpose of the study was to investigate the effe-
ctiveness of central auditory processing rehabili-
tation program on speech reception in noise and
dichotic listening in dyslexic students. The res-
earch was quasi-experimental, including a pre-
test, posttest and a control group.

Methods: The population involved dyslexic ele-
mentary school students, studying in a learning
disorder center in Tehran. Using convenience
sampling method, 30 dyslexic students with
central auditory processing disorder (CAPD)
were selected and put into experimental and
control groups. Speech in noise (SIN) test and
dichotic digits test (DDT) were conducted in the
pretest for all students. Central auditory proce-
ssing rehabilitation program was designed in
12 steps with different practices. The experi-
mental group received 15 sessions of central
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auditory processing rehabilitation program. Spe-
ech in noise test and dichotic digits tests were
conducted again in the posttest for all students.
Results: The data analysis using repeated meas-
ures multi-variable analysis of variance indica-
ted a significant difference among the mean sco-
res of speech in noise and dichotic digits tests in
the experimental and control groups (p<0.05).
The experimental group had gained better sco-
res.

Conclusion: According to the results, the cen-
tral auditory processing disorder rehabilitation
program significantly enhanced speech recep-
tion in noise and dichotic listening in the dysle-
xic students.

Keywords: Central auditory processing;
dyslexia; speech reception in noise; dichotic
listening

Introduction

Developmental dyslexia is a disorder in which
the reading level differs with the child’s intelli-
gence and this is while the child has had ade-
quate reading education. In other words, a dys-
lexic is a person who fails to read, despite being
intelligent or educated or despite having socio-
cultural opportunities. This disorder runs on in
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the person’s life and reading problem is just one
of its indications [1,2]. Having problems in
spelling, phonological awareness, rapid naming,
and verbal short-term memory are among these
difficulties [3,4].

Of the many famous etiological theories in dev-
elopmental dyslexia, one can name central audi-
tory processing disorder theory and phonolo-
gical deficit theory [5].

Auditory processing refers to analyzing, coding,
storing and organizing the acoustic features of
the auditory signals. In other words, auditory
processing is the capability of the central ner-
vous system in using the auditory data. The cen-
tral nervous system discovers the general format
of the signal and the rapid spectral changes,
which is a characteristic of speech and encodes
the acoustic features of verbal sounds such as
frequency, intensity, temporal aspect, and the
duration of such sounds. This information is tra-
nsferred through the nervous impulses [6].

The central auditory processing disorder
(CAPD) theory is based on this belief that
dyslexia is rooted in understanding short and
rapidly-changing sounds. In this theory, the dir-
ect cause of dyslexia is regarded as phonolo-
gical deficit and reading problem. The research
results show that the dyslexic children have
weak performances in some auditory tests such
as frequency discrimination and temporal sequ-
ence tests, and they also have weaker percep-
tions of phonological differences [7].

Also, the children with learning disability usu-
ally complain about speech reception in noise.
One of the most conspicuous characteristics
of these children is their problem in degraded
auditory situations [8]. These children face hig-
hly challenging auditory situations and environ-
ments after entering the elementary school and
since in school, a huge amount of auditory info-
rmation is given, their learning level in such
circumstances declines [9].

In order to investigate the relations between
auditory processing and dyslexia, many studies
have been conducted, and the results of most of
them indicated a connection between these two
disorders [10-13].

Moreover, the dyslexic students have some
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problems in phonological memory and phono-
logical awareness and do poorly in verbal short-
term memory tests. In any case, considering
such issues, generally the phonological proce-
ssing deficits have been regarded as the core
deficit in dyslexia [1,2]. However, another
group of experts call the phonological deficit
theory into question. In fact, they do not deny
phonological processing deficit and its role in
dyslexia, rather they suggest that phonological
deficit is produced secondarily and it is the
auditory processing disorder that causes the
phonological deficits. In this regard, once again
the auditory processing disorder theory is pro-
posed [10].

The facts that the CAPD is a sign of dyslexia, or
such disorder can be defined in a separate pro-
file, regarded as a disorder that has high comor-
bidity with dyslexia, are still unresolved dile-
mmas [14].

One of the most important disorders whose high
comorbidity with CAPD has been confirmed in
various studies, is learning disability [12]. The
prevalence rate of central auditory processing
disorder in elementary school children is 3 per-
cent and in children with learning disability is
30-50 percent, according to the studies [14]. The
high comorbidity of central auditory processing
disorder and learning disability (LD), indicates
the existence of dyslexia in most of the children
with learning disability, while highlighting the
importance of reading in early years of eleme-
ntary education, and also clearly demonstrates
that focusing on CAPD and its evaluation and
treatment in the children with dyslexia are very
significant.

The interventional approaches in case of central
auditory processing disorder are classified into
three categories: environmental modifications,
compensational approaches and direct skills reh-
abilitation [15].

Environmental modifications consist of issues
like modifying the acoustic environment of the
classrooms, and the compensational approaches
include some approaches like using auditory
aids (e.g. FM systems). In direct skills rehabili-
tation, the empowering of involved skills in
hearing activity is directly focused upon, and a
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series of tasks are done in order to create or
reinforce such skills. The function of these tasks
is similar to auditory training tasks.

For many years, auditory training has been
officially and non-officially regarded as the
main rehabilitation approach for the children
with CAPD [16,17]. The results of many studies
show that such training has been effective in
CAPD [18,19].

Various rehabilitation programs have been desi-
gned for the auditory training of the CAPD and
their effectiveness has also been studied in diff-
erent languages. Famous programs such as Fast
ForWord (FFW) and earobics have been used in
many countries while their effectiveness has
been confirmed in various studies [17]. Yet, no
Persian version of such programs is available.

In our country, the common therapeutic progr-
ams used in rehabilitation clinics and learning
disability centers normally include the non-
official educational approaches, and there is no
comprehensive, planned and unanimous prog-
ram for rehabilitating the CAPD. The studies
done in the country also have investigated the
effectiveness of one or more auditory tasks on
the improvement of central auditory processing
disorder, in all cases [20,21]. In the present stu-
dy we tried to design a comprehensive program
which encompasses a complete series of audi-
tory tasks for Persian language and based on
Iranian culture, which shall be executed for
many dyslexic children with CAPD, and then
we investigated the effect of this program on
speech perception in noise and dichotic hearing
of the mentioned children.

Methods

This study was an applied one in case of
purpose, and in case of method, it was a quasi-
experimental with pretest, posttest and a control
group. The central auditory processing rehabili-
tation program was regarded as the independent
variable, while the speech perception in noise
and dichotic hearing were considered as depen-
dent ones.

The population of the study consisted of the stu-
dents from second, third and fourth elementary
school grades, with dyslexia diagnosis who
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were studying in learning disabilities centers of
Tehran, among which a group of students were
selected using convenience sampling method.
Considering the fact that in quasi-experimental
studies, 15 subjects would suffice for each gro-
up [22], the selected 30 students were put in
similar groups based on education levels, name-
ly in two experimental and control groups. One
of the control group subjects did not attend in
posttest, and finally 29 subjects were involved
in the study.

Instruments

Inclusion-criteria sheet

This sheet was prepared for recording the dem-
ographic analysis results of the subjects such
as their education level and the test date, the
child's intelligence status (it was necessary that
the 1Q level of the subjects be 85 or higher
in Wechsler test), handedness (the left-handed
would be omitted from the research), the possi-
ble emotional problems, learning difficulties,
previous record of repetitive ear infection and
hearing reduction, sight problems and also the
previous record of brain damages, neurological
disorders, and also the dyslexia criteria accor-
ding to the Diagnostic and Statistical Manual
for Mental Disorder (DSM-V) by the researcher,
which was filled out by studying the child's pro-
file in the learning disability centers and inter-
viewing the parents.

Fisher's auditory problems checklist

Fisher's auditory problems checklist was deve-
loped in 1976 as an instrument for screening the
children with central auditory processing disor-
der. This checklist consists of 25 items that can
be completed by parents, teachers or the patho-
logists of speech and language. This instrument
checks the central auditory processing skills
in 13 areas such as acuity, attention, attention
span, detection of the original sound from noise,
discrimination, short-term memory, long-term
memory, sequential memory, speech and langu-
age problems, auditory-visual integration, moti-
vation and performance [23]. The least score in
this checklist is 0 and the highest one is 100.

Aud Vest Res (2016);25(3):183-193.
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Fisher has suggested the cut-off score of 72 as
the indication score for the children at risk of
central auditory processing disorder. Hence, if a
child who scored at or below this value, would
be referred for further diagnostic testing. In ord-
er to test the validity of Fisher's auditory prob-
lems checklist and in order to screen the CAPD,
this instrument is given to 5 experts of the field,
and they were asked to comment on each of
the checklist items in a three-score questionn-
aire (with agree, neutral, and disagree scales).
Each of the items that have 80% of agreement
(4 out of 5) will remain in the checklist, other-
wise it will be omitted. The reliability of the
questionnaire was also confirmed using the test-
retest method and Cronbach’s alpha test as 88%.

Speech perception in noise test

Speech perception in noise and competitive
speech are placed in this category of tests. The
primary applications of this test in Sinha's stud-
ies go back to 1959 [14]. In this test, 25 mono-
syllable words are presented to child's both ears
(provided that the disparity of hearing threshold
of right and left ears in case of speech frequen-
cies of 500, 1000, 2000, 4000 Hz be no more
than 5 dB). The words are articulated once in
silence, and another time in the presence of
white noise and in signal to noise ratio (SNR) of
6. For each correct perception and repetition of
each word, four scores are given to the child.
The scores difference between the test steps
forms his/her “difference score” which is used
for evaluation of the child's speech perception in
noise skill [24]. The validity of the English vers-
ion of the test has been confirmed in many
studies [13]. However, in the case of the Persian
version of the test, the experts’ comments were
used for "speech in noise test" validity confirm-
ation. The Persian version of the test was given
to 5 audiologists and its content validity was
also verified. The validity test was done by test-
retest method with the correlation coefficient of
0.86.

Dichotic digits test

This test is a verbal dichotic one which uses
indirect form of answering and evaluates the
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hearer's competence in case of processing the
different information, which is given binaurally
at the same time. In this test, two auditory sti-
muli are simultaneously presented to the right
and left ears separately, and then the subject is
asked to repeat what he has heard with both
ears. The test materials are numbers 1 to 10,
except 4 (whose Persian equivalent is cha-har
which has two syllables). Each part of the test is
made of four numbers. Two numbers are prese-
nted to the right ear and two numbers are arti-
culated to the left ear and the child is told to
repeat all the numbers he/she has heard [25,26].
Totally, 25 pairs of numbers are said to the right
ear and 25 pairs of numbers are presented to the
left ear as well. The least and the highest scores
for each ear are 0 and 100. In order to determine
the validity of the test, split half and test-retest
methods and validity coefficients calculated are
0.7 and 0.85, respectively [23]. Since this test,
has no cultural and linguistic value and it is
made exactly based on the original test, there is
no need for validity and reliability determi-
nation in Persian.

Dyslexia screening test

This test has been designed in Isfahan Uni-
versity, for screening dyslexia in the elementary
level. The main part of the test is made of a 100-
word text and four questions of reading compre-
hension. The student is asked to read aloud a
text and afterwards, he/she would orally answer
the reading comprehension questions which are
open-ended. If the student could correctly read
less than 90% of the words, and his/her reading
comprehension score is less than 50%, he will
be classified in incapable reading level (sub-
reader). The students, who are in the incapable
level, can be regarded as the student with rea-
ding problem. This test has been done conduc-
ted in elementary schools from grades 1 to 5 in
Isfahan, central Iran. The correlation of the
scores was the accuracy and speed of reading
with high total score. The test validity value was
0.77 based on Cronbach’s alpha test and also
there was a significant mean scores difference
between the dyslexic and non-dyslexic groups
[28].
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Rehabilitation procedure

In the first step of the present study, the central
auditory processing rehabilitation program was
designed and prepared according to the follow-
ing stages. First, the theoretical framework of
the program was studied. Then, the literature
and the current programs were investigated so
that the effective educational factors are identi-
fied and also the weaknesses and strengths of
the common auditory rehabilitation programs
were discussed. Most of the official auditory
training programs were not comprehensive and
each of them just covered a part of the problem.
For instance, some programs focused on the lin-
guistic issues such as the phonological aware-
ness and speech in noise perception, while some
others considered the various auditory discrimi-
nations such as frequency, intensity, and dura-
tion discriminations, and there were some studi-
es which targeted the dichotic hearing reinforce-
ment and memory and attention [15-18]. Ther-
efore, a list of official valid programs’ tasks was
prepared and a series of non-official auditory
training tasks were added to it, so that a rather
comprehensive collection was designed. That
part of the tasks, which had cultural and lingui-
stic values, were designed based on the Iranian
culture and Persian language. The words, sente-
nces and texts used in the study as the instru-
ments, were selected from the elementary sch-
ool Persian language books, suitable for diff-
erent academic levels. Also, the theme of the
stories used was adjusted according to the level
of the child and also based on the events that
can occur between an Iranian child and his/her
family. Most of the tasks were designed in two
states of silence and with background noise. In
this program, a white noise with 20-50 dB was
used in different stages of the training. Afte-
rwards, the needs assessment guestionnaire was
designed and given to 20 experts who have been
in touch with the target society and also the ones
who are active in rehabilitation and educational
affairs, so that their ideas on the current status
and the essential needs of the field were discu-
ssed and considered in the program. These exp-
erts included speech and language pathologists,
auditory training experts and special teachers of
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learning disability centers. After analyzing the
results of the previous steps and using the exp-
erts’ ideas, an early edition of the program was
produced. Then, the program was investigated
in case of face and content validity. Hence,
the produced early version of the program was
given to five experts of the fields. Two of them
were audiologists, two were speech and langu-
age pathologist, and one expert was a specialist
of auditory training. A table with three-score
Likert scale was prepared these experts were
asked to comment on each step of the program
and the tasks of each step, with “agree, neutral,
and disagree” choices. Also, they were asked to
write their ideas and suggestions in details about
the program and mention if the program seems
to have executive barriers. Each step or tasks
would remain in the program if four of the five
experts agreed with that, otherwise it was omitt-
ed. Then the prepared program was executed for
three dyslexic children as a preliminary cases
for 10 sessions, and the administration barriers
were reviewed by the researcher, and according
to the feedbacks of the pilot execution of the
program, the problems of the early edition were
eradicated and the original version of the
program was produced.

The structure of central auditory processing reh-
abilitation program is made of 12 steps, while
each step involves several tasks. The order of
the steps is from easy to difficult and also in
each step, the tasks go from easy to difficult, as
far as possible. The number of sessions that the
therapist spends in each step or the number of
steps that are taken in each session depend on
many factors such as the individual capacities of
the child, the areas in which he/she has problem,
the acuity of his/her problem in each area, and
his/her interest and motivation for doing the
tasks. The steps of central auditory processing
rehabilitation program are as follows:

Step 1: detection of subliminal auditory stimuli
Step 2: frequency discrimination

Step 3: syllabic discrimination

Step 4: durational discrimination

Step 5: intensity discrimination

Step 6: localization of the auditory stimuli (ver-
bal and nonverbal)

Aud Vest Res (2016);25(3):183-193.
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Step 7: reinforcing the nonverbal auditory
memory

Step 8: reinforcing the verbal auditory memory
(direct and inverse)

Step 9: shared reading

Step 10: reinforcing the phonological awareness
Step 11: active listening (productive-lexical-
grammatical)

Step 12: reinforcing binaural hearing

Having prepared the program, the researcher
visited the learning disability centers, after gett-
ing a letter of introduction from the office
of education in Tehran, and asked the related
officials to refer the students of grades two,
three and four with dyslexia diagnosis to part-
icipate in the research in a clinic that was
considered for this purpose. As the students and
their parents came into the clinic, first their
written consent to participate in the research
was taken. Then, the necessary evaluations for
checking the prerequisites in order to take part
in the study were done. The procedure was in
this way that initially the student would undergo
otoscopy by an audiologist. Each of children
who were diagnosed of cerumen impaction or
other damages related to tympanic membrane
and external or middle ear, would be referred
for medical proceedings and was omitted from
the study process. In the next step, pure tone
audiometry was conducted in common audio-
metry frequencies (250-8000 Hz) for the stude-
nts, and the students that had less than 20 dB in
case of the mean threshold pure tones, would
qualify for the next step. Then, the study entry
criteria control papers were completed for the
students. In the next step, the parents of the
students who had no problem for entering the
study would complete Fisher’s auditory prob-
lems checklist. If the students’’ score was 72 or
below, they would be diagnosed of being at the
risk of CAPD and they would be assessed with
central auditory processing tests. If in both tests,
they were two standard deviations or more,
lower than the population mean, or in one of the
test, they were 3 standard deviations or more,
lower than the population mean, they would
undergo the dyslexia screening test. In this step,
the students who got 90 scores or less, in the test
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were selected. This procedure continued up to
reaching the limit of the sample volume, and
finally 30 dyslexic students with CAPD were
chosen, among which 15 were put in the experi-
mental groups, and 15 were grouped in the con-
trol. The students of both groups were matched
according to education level and grade.

Next, the experimental group was trained with
central auditory processing rehabilitation prog-
ram. The program was done for each student
individually, in three 45-minute sessions in a
week, for five weeks by the therapist of the
center. Thus, for each student of the experi-
mental group, 15 sessions of individual therapy
of central auditory processing rehabilitation was
conducted. If for any reason, a student was abs-
ent in the therapy sessions, in the first possible
time, a make-up therapy session would be held
for him/her, so that none of the students attend
less than 15 therapy sessions.

Before commencing the research program, the
parents of both control and experimental groups
were asked to avoid any other rehabilitation and
therapy programs for their children, during the
program. After finishing the therapy sessions,
speech in noise perception and dichotic digits
tests were conducted for both groups. One
student from the control group did not attend in
the posttest and was excluded from the study.
Also, in order to investigate the reliability of the
central auditory processing rehabilitation prog-
ram effects, the two mentioned tests were done,
after five weeks from the posttest for all the
students of control and experimental groups,
and the results were recorded.

In order to investigate the effectiveness of the
program and also for answering the research
questions, first the data, mean and the standard
deviation of the studied variables were descr-
ibed and then for answering the research ques-
tions, a repeated measures two-variable analysis
of variance on a factor, was used.

Results

In this part, firstly the descriptive features
(mean and standard deviation) of the dependent
variables were presented in three measurement
steps including pretest, posttest and follow-up
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Table 1. Mean (standard deviation) difference
scores of speech perception in noise test in
control and experimental groups

Mean (SD) scores

Group Pretest Posttest Follow-up

Experimental 51.47 (8.26) 26.67 (7.80) 24.27 (8.61)

Control 46.86 (5.06) 43.71(7.76) 40.86 (7.22)

for the control and experimental groups.

Mean difference scores of the speech perception
in noise test in the experimental group in post-
test have reduced compared to the control group
(Table 1, Fig. 1). As it was mentioned earlier,
the less the difference score is in the speech per-
ception in noise, the better the speech percep-
tion in noise will be.

Mean scores of dichotic digits test (DDT) of
right and left ears have increased in the experi-
mental group, compared to the control group in
the posttest (Table 2, Figures 2, 3).

In order to answer this question that what kind
of impact the central auditory processing rehabi-
litation program has on the speech perception
in noise of dyslexic students, we used a mixed
and repeated measures analysis of variance
(one inside the subjects: the intervention amount
in three times and one among the subjects:

60 — Experimental grouop
50 T — Control grouop

40
30 -
20

10 4

Speech perception in noise score
4

Pretest Posttest Follow-up

Fig. 1. Mean difference scores in speech perce-
ption in noise test in control and experimental
grouops.

http://avr.tums.ac.ir

189

experimental and control groups), considering
the mean difference scores of speech perception
in noise test (score difference of speech perce-
ption in noise and silence), existence of experi-
mental and control groups and having three
measurement stages.

The two hypotheses, data normality, and homo-
geneity of variances were analyzed. The norma-
lity test by means of Kolmogorov-Smirnov test
showed that all the data of the presented vari-
ables are normal. Also the variables variance
homogeneity test and Mauchly's sphericity test,
which was another assumption of the repeated
measure multivariate analysis of variance, were
conducted. All the assumptions were supported.
In order to compare the scores of the groups in
posttest and considering their difference in pre-
test, repeated measures multivariate analysis of
variance was used. This test was focused on stu-
dying the existence of significance difference
between the groups, while considering all the
inserted variables first and then it tested every
single variable.

The results of repeated measures multivariate
analysis of variance for the group (F253=8.6,
p<0.01, np?=0.51), for the time difference sou-
rce (F.6=48.59, p<0.01, n5°=0.93) and the time
difference source and group interaction (Fao.
6=25.58, p<0.01, np°=0.87) show that there is a
significant difference in at least one of the
dependent variables. Also, for determining the
significance of each test, one-way analysis of
variance with measures was done.

The significance levels show that the effect sou-
rce related to time is significant in case of all
the auditory processing variables (p<0.05). This
means that in auditory processing variables,
there is a difference among the three measu-
rement steps, that is, the pretest, posttest and
follow-up. Moreover, in the time and group
interaction also the test is significant (p<0.05).
In this regard, we can say that in the interaction
of the two effect sources of the group and time,
there is a difference in all the variables between
the two groups and in the three steps, in such a
way that the mean results show the auditory
processing variables have improved. In addition,
the partial eta squared (np°), which shows the

Aud Vest Res (2016);25(3):183-193.
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Table 2. Mean (standard deviation) of dichotic digits
test for the right and left ears in control and

experimental groups

Mean (SD) scores

Ear Pretest

Posttest Follow-up

Right

Experimental 65 (6.31)
64.3 (4.88) 66.4(5.03) 66.9(5.06)

Control
Left

75.6 (6.28) 76.3 (5.89)

Experimental 55.2 (6.17) 65.1(4.52) 65.9 (4.30)

Control

54.9 (4.13) 55.7 (4.21) 56.7 (4.12)

effectiveness strength, has been presented for
the research variables in the two effect sources.
The effectiveness strength for the speech in
noise test, dichotic test of the right ear, and
dichotic test of the left ear in the time effect
resource are 0.87, 0.80 and 0.77 respectively;
while that value in case of time effect resource
and group are in order, 0.77, 0.69 and 0.66.
Thus, the null hypothesis saying that there is no
difference between the experimental and control
groups is rejected and the alternative hypothesis
which indicates the auditory processing imp-
rovement in both speech perception in noise and
dichotic hearing in the experimental group is
supported. Considering the fact in the follow-up
tests for each of the three tests, the difference
between the pretest and posttest, pretest and
follow-up, and posttest and follow-up are signi-
ficant, the impacts’ consistency of the central
auditory processing rehabilitation program are
confirmed.

Discussion

The present research was done with the aim of
investigating the effectiveness of the central
auditory processing rehabilitation program on
speech in noise perception and dichotic hearing
of dyslexic students. The analysis of the results
indicated that there are significant differences
among the scores of dichotic digits test of both
ears and speech perception in noise test of expe-
rimental and control group in case of posttest
and the experimental group have scored better

Aud Vest Res (2016);25(3):183-193.

in the posttest. Also, analyzing the subtests
results in the follow-up, confirmed the better
scoring of the experimental groups, once again.
The central auditory processing rehabilitation
program reinforces the direct auditory skill in
many steps. Hence, it is not beyond expectation
that the central auditory processing status is
improved. Almost all of the various tasks are
done in the different steps of the program in the
presence of a noise, which can enhance the skill
of speech perception in noise. Since speech in
noise perception is one of the main problems of
dyslexic children with central auditory proce-
ssing disorder, improving such aspect of audi-
tory processing can facilitate the auditory app-
roach for these students —which is the most
important approach of learning in the schools
—and also it can prevent dyslexia and the related
problems.

Furthermore, in other steps of the program, the
auditory attention is directly reinforced with the
goals of frequency, syllabic, durational and acu-
ity discrimination. Besides, many of these tasks
and steps are done in the presence of a noise
which can also improve the speech perception in
noise, while enhancing the auditory processing
in competitive signals and in difficult auditory
situations, which finally leads to the better per-
formance in central auditory processing tests.

In step 11 of the program, in which the active
listening is focused upon, the auditory attention
in various linguistic categories such as produc-
tive, lexical and grammatical is reinforced and
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%0 — Experimental grouop

80
— Control grouop
70 o I T

60
50
40
30
20
10

Dichotic digit score in the right ear

Pretest Posttest Follow-up

80 .
— Experimental grouop
70

— Control grouop
60 T T

50
40
30
20
10

Dichotic digit score in the left ear

Pretest Posttest Follow-up

Fig. 2. Mean scores of dichotic digits test of
right ear in control and experimental groups.

the improvement of auditory attention can affect
and improve the other auditory processing asp-
ects.

In step 12 of the program of central auditory
processing rehabilitation, the binaural hearing
is reinforced. The tasks which need quick
intrahemispheric transference from the corpus
callosum are used for children with dichotic
combination disorder or dichotic hearing discri-
mination deficit, and these tasks increase the
interaction of the two hemispheres and reinforce
the dichotic hearing [29]. Dichotic hearing rein-
forcement improves the individual’s performa-
nce in dichotic digits test, which assesses the
hearing of both ears. Dichotic hearing reinforce-
ment is one of the main tasks of official and aut-
hentic programs whose effectiveness on central
auditory processing has been confirmed and is
always used as an unofficial task by the thera-
pists, in clinics [30].

There are many studies that confirm the effect
of auditory training programs on the central
auditory processing. For instance, the studies
show that the children that are trained with Fast
ForWord (FFW) program or earobics program
with the aim of central auditory processing imp-
rovement, show some aspects of progress after
finishing the therapy course in auditory proce-
ssing tests [31]. However, there are few cases
of research that do not confirm the central
auditory processing improvement after the
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Fig. 3. Mean scores of dichotic digits test of
left ear in control and experimental groups.

auditory training programs [32]. In any case, the
results of most studies are compatible with the
results of the present study.

Also, some studies show that the children
with central auditory processing disorder consi-
derably progress in speech perception in noise,
after working with FFW computer auditory
training software, which is one of the most fam-
ous auditory training programs. Since, speech
perception in noise is one of the aspects of
auditory processing, we can say that these pro-
grams can improve the central auditory proce-
ssing and the results of this research are com-
patible with those of other studies in this field
[33-35].

In the process of conducting this research we
faced some limitations as well. Using conven-
ience sampling method and the impossibility of
doing random sampling was one of the most
important limitations of this research which led
us to be more cautious while generalizing the
results to larger populations. Another limitation
of this research was doing the tests in three sta-
ges of pretest, posttest and follow-up by the res-
earcher, which may bring about biased decision-
making. In this research, the subjects’ parents
were asked to strongly avoid participating in
any other therapeutic program, during the five-
week intervention course and also five weeks
from the follow-up. We cannot be certain that
this thing happened completely. Because of low
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sample size, matching of the experimental and
control groups in case of 1Q and gender was not
possible.

Conclusion

According to the research results, we can con-
clude that the central auditory processing reha-
bilitation program is effective in improving the
central auditory processing skill and it can also
lead to the improvement of speech in noise per-
ception and dichotic listening of dyslexic stude-
nts, and such improvements are stable. In other
words, by reinforcing the direct auditory skills
in the auditory training programs, one can imp-
rove the central auditory processing in both
speech perception in noise and dichotic hearing.
Using this program is suggested for dyslexic
students with central auditory processing diso-
rder.
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